INTRODUCTION
W E report here the results of a spectroscopic investigation of several optical lines of the radioactive Hgl 97 * isotope; the nucleus of this atom is in a 25-hour excited isomeric state (I= 13/2). The existence of this nuclear isomeric state has been known for several years and has been discussed in various papers. l -4 The nuclear energy level scheme for Hg s 97 was determined by analyzing the spectrum of the internal conversion electrons, combined with coincidences and angular correlation 4 measurements; it is shown in Fig. 1 . The proposed spins for the 25-hour isomeric and 65-hour ground states (I= 13/2 and I= 1/2, respectively) are in agreement with the shell model' and were confirmed by our results.
In an early paper 6 several new components in the 2537 A resonance line and the 4047 A line were reported. The analysis of the Hg 1 9 7 components gave ,197/btlg9=A197/Al99= 1.04-0.03 for the ratio of the moments. Recently, 7 it became possible to establish a double (paramagnetic) resonance in the F= 3/2 level of the 3P1 state of Hg97 and to obtain A 197 /Al99= 1.045 -0.002. Further, the combination of the double-resonance method with magneto-optic scanning' gives for the * This work was supported in part by the U. S. Army (Signal Corps), the U. S. Air Force (Office of Scientific Research, Air Research, and Development Command), and the U. S. Navy (Office of Naval Research); and in part by the U. S. Atomic Energy Commission.
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isotope shift (from Hg'9)+91 4 mK [where 1 mK (millikayser)_ 10-3 cm-].
The energy of an hfs component is given by
2I(21-1)J(2J-1)
with
C=F(F+ 1)-I(I+ 1)--J(J+ 1),
where F is the total angular momentum of the component, I is the nuclear spin, and J is the angular momentum of the atomic level; A and B are the magnetic dipole and electric quadrupole interaction constants, and WJ is the energy of the center of gravity of the hfs multiplet. and AU197(d,n)Hg9 reactions also occurred. These occurrences were confirmed by the spectroscopic work on the 2537 A line, from which the following estimate of 9 J. Blaise and H. Chantrel, J. phys. radium 18, 193 (1957) . the relative constitution of the samples was deduced: Hg19 7 * 17%; Hg"9 7 54c%.; Hg 6~ 17%; Hg"98 5 12%.
3C(C+I)-I(I+1)j(j+I)
The main difficulty with previous spectroscopic investigations was contamination of the sample by natural mercury. We were able to overcome this disadvantage by moderately heating the target in vacuum after bombardment. This was necessary because it was impossible to prevent the adsorption of natural mercury on the surface of the gold target during bombardment. A detailed description of the sample preparation technique is given by Melissinos.
7 "l The source was an air-cooled electrodeless discharge. It consisted of a 7-mm Vycor tube containing from 1012 to 2X 101 T atoms of radioactive mercury and argon at a pressure of several millimeters (estimated 10 mm); the discharge tube was easily excited with a 60-Mc/sec oscillator but was operated at minimum power, so that only one-fifth to one-tenth of the length of the tube was filled with a discharge-with the double advantage of giving narrow lines and reducing the clean-up rate. After operating the tube for approximately 15 minutes the mercury spectrum would disappear and, instead, strong molecular bands appeared. These were attributed to impurities from organic materials present in the vacuum system used in filling the tube. However, a thorough flaming of the tube for a minute or so, reestablished the mercury spectrum. The clean-up rate depended upon the amount of radioactive mercury in to A. Melissinos, Ph.D. thesis, Department of Physics, Massachusetts Institute of Technology (1958, unpublished) . the tube, but with a little experience in preparation and operation it was possible to run tubes with 3 X 1013 atoms for one hour before flaming was needed.
The spectrograph consisted of one of Harrison's" 10-inch diffraction gratings used in autocollimation in a mirror monochromator with a focal length of 40 feet. Because of the accurate groove spacing and intense blaze, this grating can be used at high angles of incidence and diffraction, with little loss of light or resolution. It has a groove spacing of 300/mm and throws about 35%O of the light (as compared to an aluminized mirror of the same aperture) into a very small range of angles near 630. Most of the spectrograms were taken near this angle, with 2537 A appearing at 660 in the 24th order, with a plate factor of 700 mK/mm (0.045 A/ mm). The plate factors at each wavelength were calculated from the known hyperfine structure of natural mercury. The measured resolving limit at 5461 A closely approaches its theoretical value of 22 mK. Exposure times varied from a few minutes for 2537 A to four hours for 4078 A, on Kodak types 103a-O and F spectroscopic plates. In each case a rotating sector was used to give varied exposure times-wide slits being used in some cases to increase intensities. Four successful runs were made, as well as a preliminary interferometric investigation.' 2 The decay of various hfs components was checked spectroscopically and confirmed our assignments; it also indicated that the only stable isotopes contained in the tubes were Hg 196 and Hg1 98 (and a 2-5% natural mercury contamination). As an example we give in Fig. 3 The radioactivity of the discharge tubes was checked with a 256-channel analyzer for a normal y spectrum," Several successful exposures of this line were taken (Fig. 3) . Component b was obtained from an exposure with a special source which did not contain Hg'
96
. We obtained this source by reducing the deuteron beam energy to 11.2 Mev and using only a 0.002-inch gold target. Component a was never resolved because it overlaps the Hg' 97 , F= 1/2 line, but its position was obtained from the 4358 A data.
Discussion of the analysis of this line will be presented after the 4358 A data have been considered, since these data give the most reliable values of the spacings between the levels of the '3P state. 
A (6s6p 3 Po-6s7s 3S 1 )
The positions of the components in this line were obtained from three exposures; its structure was confirmed from more than four exposures. The structure of the line and the energy level scheme are given in Fig. 4 .
Only two components of Hgl 97 *, b and c, are resolved. However, since we know that no other isotopes are present and that all lines are correctly accounted for, we deduce that b and c belong to an hfs triplet. The third component of this triplet must be located in the negative wave-number region in order to give a reasonable position for the center of gravity. We assumed that the missing component a overlaps A.
Further, since the 3S1 state has zero quadrupole interaction, the interval rule gives us a value for the nuclear spin. We have the relation Using the value 13/2 for the spin, we readily obtain the magnetic dipole interaction constant for the S, state
With the identification of the S 1 energy levels we are then able to proceed to the analysis of the 4358 A and 5461 A lines.
A (6s6p 3P 1 -6s7s 1S 0 )
A 4-hour exposure of this line gave an extremely satisfactory picture; its structure and the energy levels are given in Fig. 5 . Unavoidably, the components were quite broad because (a) the discharge tube was operated at a high power level, (b) a wide slit was used, and (c) the exposure was very long. Components A, B, and 196+ 198 were resolved in the interferometric work as well. Component b was not completely resolved in either. Component a is quite strong and well defined in the grating exposure. The third component, c, of Hgl 97 *, overlaps B, their separation being only 25 mK.
Since component b is not completely resolved, it was not used for the determination of the F = 11/2-F = 13/2 spacing of the 3 P 1 state. Component a combined with the 2537 A data can be used to give the "isomeric shift." Any difference between the spacings c-B=297 mK in the 2537 A line and A-a=310 mK in the 4078 A line, results from isotope shift in the lines and represents the difference of the isomeric isotope shifts in the 2537 A and 4078 A lines. Further, since the isotope shift in the 4078 A line is known to be one-sixth of the shift in the 2537 A line we can obtain the isomeric shift in the 2537 A line. The advantage of this calculation is that it is independent of any value of the interaction constants that are needed to find the actual centers of gravity; further, all four components are free from overlapping. The value thus obtained is in good agreement with the straightforward calculation of the centers of gravity of 
A (6s6p 3 P1-6s7s S,)
Two good exposures of this line were obtained-a weak one and a strong one-and they both reveal ten well-defined components (Fig. 6) . Accepting the intervals of 739 mK and 852 mK for the 3 S, state, we deduce that components a and g are correct and that the (c-f) difference has a discrepancy of 14 mK from the expected value. Therefore, the lower interval of the P 1 state was obtained from components e and a (or e and g), while the upper one is the average of the values given by (g and f) and (a and c). Fig. 7 . The five components-a, b, c, f, and i-belong to Hgl9 7 *; c and f were observed in a weak exposure; a, b, f, and i appeared in a strong one. Nine components should be present, but only five were observed. None of the missing components can be excluded because of low relative intensity, but d and e do certainly overlap the strong components, A and (196+198+B), while g and h may be covered by B and f. As a check on the five observed components we see that the difference (i-a)=1588 mK agrees within 3 mK with the accepted value for the F= 11/2-F = 15/2 interval in the S1, state, however, (b-f)=865 mK shows a discrepancy of 13 mK. This discrepancy may be attributed to the overlapping of f.
The two intervals in the 3 P2 state are then determined from (c-b) = 395 mK and from (f+ 739-i) = 374 mK, combined with (b-a)=358 mK. Then using the F = 13/2-F=15/2 and F=15/2-F= 17/2 intervals of the 'P 2 state we calculate the dipole and quadrupole interaction constants for this state and obtain We now return to the P1 state. From the 4358 A data we obtained (F= 11/2 -F= 13/2)=480 mK and (F= 13/2-F=15/2)=606 mK for the two intervals. The interaction constants are given in mK (10-3 cm-'). tion of the neutron is accompanied by a general redistribution of the charged nucleons. The sign of the shift indicates an increase in nuclear charge distribution that is approximately one-fourth to one-fifth of the increase resulting from the addition of one neutron.
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Note added in proof.-In reproduction for printing, some of the lines of the original spectrograms were lost; their positions are indicated by the identifying letters.
